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METHOD FOR GENERATING THREE
DIMENSIONAL OBJECT MODELS FOR AN
ADDITIVE MANUFACTURING PROCESS

BACKGROUND

Three dimensional objects generated by an additive
manufacturing process may be formed 1n a layer-by-layer
manner. In one example of additive manufacturing, an object
1s generated 1n a print apparatus by solidifying portions of
layers of build material. In examples, the build material may
be 1n the form of a powder, fluid or sheet material. The
intended solidification and/or physical properties may be
achieved by printing an agent onto a layer of the build
material. In other examples, chemical binding agents may be
used to solidify a build material. Energy may be applied to
the layer and the build material to which an agent has been
applied may coalesce and solidily upon cooling. In other
examples, three dimensional objects may be generated by
using extruded plastics or sprayed materials as build mate-
rials, which solidily to form an object.

Some print apparatus that generate three dimensional
objects use control data generated from a model of a three
dimensional object. This control data may, for example,
specily the locations at which to apply an agent to build
material, or where build matenal 1tself may be placed, and
the amounts to be placed.

The control data may be generated from a 3D represen-
tation of an object to be printed.

BRIEF DESCRIPTION OF DRAWINGS

For a more complete understanding, reference i1s now
made to the following description taken 1n conjunction with
the accompanying drawings 1 which:

FIG. 1 1s a flowchart of an example of a method for
generating an object model;

FIG. 2 1s a schematic representation of examples of object
generation data objects;

FIG. 3 1s a flowchart of an example of a method for
generating control data; and

FIG. 4 1s a simplified schematic of an example of pro-
cessing apparatus for generating an object model.

DETAILED DESCRIPTION

Some examples described herein provide an apparatus
and a method for representing a three dimensional object
and/or for generating control data that may be used by print
apparatus to produce a three dimensional object. Some
examples allow arbitrary three dimensional content with a
variety of specified object properties to be processed and
used to generate a three dimensional object. These object
properties may comprise conductivity, density, porosity,
appearance properties (for example color, transparency, sur-
face roughness, glossiness, etc.) and/or mechanical proper-
ties (for example strength, inter-layer strength, flexibility,
clasticity, ngidity, etc.), or the like.

In some examples, print material data 1s defined, for
example detailing the amount of print matenals (such as
agent(s) to be deposited onto a layer of build material, or 1n
some examples, build materials themselves), and, if appli-
cable, their combinations. In some examples, this may be
specified as a proportional volume coverage (for example, X
% of a region of a layer of build material should have agent
Y applied thereto). Such print materials may be related to or
selected to provide an object property.
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The actual location at which each print material (for
example, a drop of an agent) should be applied, as specified
in control data, may be determined using halftoming tech-
niques.

For example, a region within data representing an object
may have an associated print material coverage representa-
tion, for example comprising a set of material volume
coverage vectors detailing the amount of print materials to
be deposited 1n the region. In a simple case, such a vector
may indicate that X % of a given region of three dimensional
space should have a particular agent applied thereto,
whereas (100-X) % should be left clear of agent. The print
material coverage representation may then provide the input
for a ‘halftoning’ process to generate control data that may
be used by an additive manufacturing system to produce a
three dimensional object. For example, it may be determined
that, to produce specified object properties, 25% of a layer
of build material (or of a portion of a layer) should have an
agent applied thereto. The halftoning process determines
where the drops of agent fall in order to provide 25%
coverage, for example by comparing each location to a
threshold value provided 1n a halftone threshold matrix.

The object properties achievable may vary between print
apparatus, for example based on the print materials available
at a particular print apparatus, or the resolution with which
they can be applied. In addition, various halftone schemes
exist, such as void-and-cluster, error diffusion, dither, AM-
screens, cluster-dot type patterns or the like. In some
examples, the choice of halftone scheme can impact an
object property such that the same combination of print
materials can result 1n a different object property (or an
object property having a different value) 1f a different
halftone scheme 1s selected. The halftoning schemes avail-
able may differ between print apparatus.

FIG. 1 1s an example of a method for generating an object
model. In block 102, data comprising a geometric descrip-
tion of at least a portion of a three dimensional object 1s
received. The data may for example be the output of a
Computer Aided Design (CAD) program, or some other
digital representation of a three dimension object.

In some examples, the description may comprise point
locations, for example [X, vy, z] coordinates defining a point
in space. The point locations may be linked by vectors,
which may define a polygon mesh. In other examples, the
locations may comprise regions, for example voxels, 1.e.
three dimensional pixels, wherein each voxel occupies a
discrete volume. A voxel at a given location may have at
least one characteristic. For example, 1t may be empty, or
may have a particular color or may represent a particular
material, or a particular object attribute, or the like. Such
voxels may be all of the same size, or may be different sizes.
Other volumetric descriptions may be used to describe an
object. In some examples, the received data may comprise
an object attribute, for example specilying an object prop-
erty, or other attributes to be used in object generation
associated with at least one location within the object.

In block 104, object generation data i1s received. The
object generation data comprises a plurality of object gen-
cration data objects, each object generation data object being
assoclated with a print apparatus and an identifier and
comprising an object attribute description of an attribute
achievable by the print apparatus. The association with a
print apparatus may comprise an association with a single
print apparatus, a set of print apparatus, a class of print
apparatus or the like. The attribute described by the object
attribute description may for example comprise an object
property such as a color, or another object attribute such as
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a substructure or an aspect ol object generation process,
which may in some examples result 1n a particular property.

In some examples, at least some information contained
within or represented by at least a subset of the plurality of
object generation data objects 1s presented to a user as a
selectable list, or the like.

In some examples, object generation data objects may be
associated with plurality, or class, of print apparatus. A user
may select (or there may be automatically selected) a print
apparatus, for example based on availability, cost or perfor-
mance of the print apparatus. In some such examples,
following such selection, information relating to a subset of
data objects, comprising those data objects which are asso-
ciated with the selected print apparatus may be presented for
user or automatic selection.

In some examples, the user may be able to select object
generation data objects based on object attribute descriptions
specified 1n the object generation data objects, for example
in order to associate a particular object attribute description
with a portion/point location of a geometric model of an
object to be generated. In other examples, the user may
freely specily an attribute and choose between a number of
object generation data objects which provide, or approxi-
mate, the attribute. Such selection may be carried out
automatically, for example based on a hierarchy or prede-
termined selection criteria. In some examples, the object
generation data objects may specily a substructure as an
attribute of an object, which 1s distinct from the object
geometry, for example comprising a lattice like structure
which may be applied such that a generated object has a
lattice substructure, and a user may select between substruc-
tures.

As noted above, 1n some examples, object attributes may
be received with the geometric description. In some
examples, diflerent regions or location within the geometric
description may be associated with different, or different
combinations of object properties. If more than one data
object specifies a particular object attribute, a selection of a
data object for a location or a region of the object having the
speciflied object attribute may be confined to just those data
objects which specily or approximate such an object attri-
bute.

Object generation data object selection options presented
to a user may be based on previous selections such that the
object attributes selected as a whole are achievable 1n
combination by a single print apparatus (for example, the set
ol attributes as whole specified for a region or location 1n an
object 1s described 1n at least one individual object genera-
tion data object). In some examples, 1I user attempts to
specily or select an attribute or combination of attributes
which 1s not found in any individual data object, or a
combination of data objects which are not associated with a
common print apparatus, then an alert may be generated
and/or the user may be prompted to select data objects/
attributes, or combinations thereot, which are compatible.

In block 106, an object model 1s generated. The object
model comprises an association between the geometric
description and at least one object generation data object
identifier. This may comprise associating a data object with
a location (which may be a point location or a region, such
as a voxel) 1 the geometric description of the object. In
some examples, different object generation data objects may
be associated with different locations within the geometric
description of the object and/or an object generation data
object may be associated with a plurality of locations. In
some examples, a preview (for example, a visual represen-
tation) of a three dimensional object generated with print
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maternial(s) applied to achieve the attribute may be gener-
ated, and for example displayed to a user. As such a preview
1s based on attributes which are achievable by a print
apparatus, 1t 1s more likely to accurately represent the
outcome of an object generation process and therefore
allows a user to have more certainty that their design 1s as
intended.

By restricting or encouraging a designer to use predeter-
mined object generation data objects, rather than freely
specilying object attributes, a design incorporates achiev-
able attributes (or achievable combinations of attributes),
and frustration and waste 1s reduced. As the identifier serves
to 1dentily the object attributes and data to generate control
data may be specified or determined therefrom, the tull
object generation data object need not be stored and/or
transmitted with the object model, and therefore the model
may be economical with respect to transmission bandwidth
and/or data storage.

In addition, 1n examples where a range of achievable
object attributes within data objects are exposed to a user,
the user may be able to more fully utilize the capabailities of
a print apparatus, in particular i1f the user 1s otherwise
unaware of the full range of capabilities.

In some examples, the object model may be sent for
generation by a print apparatus. The object model may be
sent directly to a print apparatus, or to an intermediate
processing device, which may direct the object model as a
print request and/or may generate control data to generate
the object. In some examples, the i1dentifier can serve to
identily a combination of print matenals.

A schematic representation of examples of object genera-
tion data objects 200, 202, 204 1s shown 1n FIG. 2. In this
example, a first data object 200 comprises an identifier 1D,
a print apparatus class PC, a plurality of property description
values V, a halftone scheme HT, a print material coverage
representation PCR, an object substructure OS, and print
apparatus setting data PAS.

The print apparatus class PC 1dentifies a class of print
apparatus capable of providing a combination of materials
specified 1n the print material coverage representation PCR.
In other examples, one or a plurality of specific printers may
be 1dentified.

The property description values V this example comprise
a color value V _and an opacity value V . In other examples,
other object properties may be described, and may comprise
any of the properties mentioned above as well as any of,
amongst others: tlexibility; stiflness; conductivity; elasticity;
rigidity; surface roughness; porosity; strength, or the like.

The halftone scheme HT may comprise any suitable
scheme such as void-and-cluster, error diffusion, dither,
AM-screens, cluster-dot type patterns or the like, which may
in some examples be for use 1 generating halftone thresh-
olds. As the choice of halftone scheme can affect a how (and
in some examples, whether) an attribute 1s reproduced 1n a
generated object, specitying the scheme, exposing a scheme
to a designer, or allowing the designer to specity the scheme,
may result 1n an object and/or attribute being more faithtully
or rehiable generated.

The print apparatus setting PAS may for example com-
prise any, or any combination of: a speed setting, a resolu-
tion setting (for example, a ‘drait’ setting could be used for
some articles while others may specily a high quality finish),
a heat setting (as application of diflerent temperatures can
have an eflect on some object attributes), specification of a
single or multiple pass of a printhead applying an agent
when printing a layer (which may affect the amount and/or
resolution 1 which agent i1s applied and therefore the
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achievable object attributes, and which may including speci-
fication of whether printing takes place 1n one direction as a
printhead passes over the layer or i both directions),
specification of the time between subsequent layers being
printed (which may aflect interlayer strength), or any other
setting of the print apparatus which may aflect an object
attribute.

The object substructure OS may specily that at least a
portion of the object has a substructure which 1s specified
separately from 1ts geometry. For example, an object having
a particular geometry may be specified to have a substruc-
ture which 1s solid, or lattice-like (for example, being
formed as a regular lattice such as a cubic or tetrahedral
lattice, or a 1rregular lattice formed 1n a vein like or branch
like manner), or has a crystalline substructure of close
packed or separated solid elements. Selection of some
substructures as an object attribute may result 1 certain
object properties, for example an object with a substructure
including voids may be lighter, more shock resistant and/or
more resilient or elastic than a solid object, and/or may
reduce print material usage. The term ‘substructure” 1s used
to distinguish from the shape and form of an object model.
In some examples, a substructure may be applied to the
object geometry, while 1n other examples, 1t may be applied
with a halftone scheme, for example by forming a halitone
threshold matrix having a substructure. Such a halitone
matrix may be applied to a print material coverage repre-
sentation to result 1n control data which specifies that print
materials (for example, agents which may cause the build
material to which they are applied to coalesce on the

application of heat) are not deposited where the threshold
matrix does not exist. In some examples, the lattice may be
as described 1n PCT/US2015/013841, the teaching of which
1s incorporated herein to the fullest extent possible.

The print material coverage representation PCR provides
print material data and 1n some examples comprises at least
one material volume coverage (Mvoc) vector.

An Mvoc vector may have a plurality of values, wherein
cach value defines a proportion for each, or each combina-
tion of print materials in an addressable location of a layer
of the three dimensional object. For example, 1n an additive
manufacturing system with two available print materials (for
example, agents)}—M1 and M2, where each print material
may be idependently deposited in an addressable area of a
layer of the three dimensional object, there may be 2~ (i.e.
four) proportions 1 a given Mvoc vector: a first proportion
tor M1 without M2; a second proportion for M2 without M1;
a third proportion for an over-deposit (1.e. a combination) of
M1 and M2, e.g. M2 deposited over M1 or vice versa; and
a Tourth proportion for an absence of both M1 and M2. In
this case an Mvoc vector may be: [M1, M2, M1M2, Z] or
with example values [0.2, 0.2, 0.5, 0.1]—1.e. 1n a given [X,
y| location 1 a z slice, 20% M1 without M2, 20% M2
without M1, 50% M1 and M2 and 10% empty. As each value
1s a proportion and the set of values represent the available
material combinations, the set of values 1n each vector sum
to 1 or 100%.

For example, in a case where the agents are colored, then
the Mvoc vector may be determined to select agent combi-
nations that generate a match with a supplied object attri-
bute, e.g. a supplied RGB value. This mapping between a
color and an Mvoc vector may be predetermined, and for
example held 1n a look-up table.

As the plurality of property description values V, the
halftone scheme HT, the print material coverage represen-
tation PCR, the object substructure OS, and the print appa-
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6

ratus setting data PAS all eflect attributes of a generated
object, they each provide an example of an object attribute
description.

The first data object 200 comprises an indication of a
plurality of data categories. In this example, 1t specifies both
print material coverage PCR and object property description
values V. While the latter 1s of use 1n generating control data,
the former may be more readily specified or understood by
a designer, who may not have any interest in what materials
are used to produce the object. It may be therefore that an
identifier 1s associated with a plurality of data objects, each
comprising pertinent information according to their intended
purpose. Other examples may have different data categories.

For example, a second data object 202 comprising a
subset of the data categories may be provided to a designer.
This comprses, 1n this example, the identifier ID, the
property description values V, a halftone scheme HT, an
object substructure OS and print apparatus setting data PAS.
The user may select a data object based on any, or any
combination of, intended object attributes, such as are
described or represented by an object property description
value, a haliftone scheme, an object substructure and/or a
print apparatus setting, and the i1dentifier may be used to
identify the data object. It will be noted that, in this example,
the object generation data object 202 does not specily a print
apparatus or print apparatus class, but 1s nevertheless asso-
ciated with a print apparatus class via the 1dentifier, which 1s
also associated with the first object generation data object
200.

A third data object 204 comprising a different subset of
the data categories may be provided to print apparatus, or to
processing apparatus to generate control data. This subset
comprises, 1n this example, the 1dentifier 1D, a print appa-
ratus class PC, a halftone scheme HT, a print material
coverage representation PCR, an object substructure OS and
print apparatus setting data PAS. In another example, the
object property values may be supplied, for example 1n place
of the print material coverage representation PCR, as a
mapping from object property values to print material cov-
crage representation may be made belfore control data is
generated, for example by use of a look-up table relating at
least one object property to a print matenial coverage. Other
subsets of data may be used. For example, in particular 11 the
data object 1s to be supplied to a particular print apparatus,
the print apparatus class PC and/or the identifier ID may not
comprise part ol the subset.

An 1dentifier ID may associate a set of values, even when
a subset of these 1s exposed at any point 1n the print pipeline.

In some examples, object generation data objects may be
compiled or curated by a print apparatus provider, or an
object generation service provider. They may for example be
created and/or tested by manufacturing an object having a
specified material/combination of materials, using control
data generated using a specified halitone scheme, having a
speciflied substructure and/or using the printer control set-
tings. Such an object may be evaluated to determine its
properties. It may be possible for a designer to request that
a sample be manufactured according to the description
provided in an object generation data object. In some
examples, a user, for example a designer, may define an
object generation data object, for example having seen that
it produces 1itended object attributes. Any object generation
data object may be generally publically available or may be
exposed 1n a restricted manner, for example restricted to the
designer and control data generation entity, or have any
other level of public availability. This may allow object
generation data objects to be shared, for example resulting
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in a library of object generation data objects, which may
comprise at least one tested or verified object generation
data object.

FIG. 3 shows an example of a method for generating
control data. In block 302, an object model 1s recerved. The
object model comprises an association between a geometric
description of a three dimensional object and at least one
object generation data object identifier.

The i1dentifier 1s used to identify at least one object
generation data object (block 304). The object generation
data object 1s associated with a print apparatus and com-
prises an 1dentifier and an object attribute description of an
attribute achievable by the print apparatus. For examples,
the object attribute description may specily data to deter-
mine a combination of print materials available at the print
apparatus which produce a predetermined object property.
The data to determine a combination of print materials 1n
some examples comprises a print material coverage repre-
sentation and in other examples comprises an object prop-
erty description, wherein the object property or properties
described thereby are achievable by the print apparatus, and
which may be mapped to a print material coverage to
produce the properties. The object generation data object
may for example have a form similar to the first object
generation data object 200 or the third object generation data
object 204 m FIG. 2. In some examples, there may be a
plurality of object generation data objects, each associated
with a location (which may be a point location, or may be
a region) 1 geometric description

Control data i1s generated from 1dentified object genera-
tion data object(s), the control data being for use by the print
apparatus 1n generating the three dimensional object (block
306). The control data may for example be generated by
operating on a print material coverage representation PCR
using halitone threshold data, 1n some examples as specified
by a halftone scheme HT. The control data may for example
be 1n the form of a set of discrete print material choices for
a pixel 1 a plane, wherein the discrete values across the area
of the plane may be representative of proportions set out 1n
the print material coverage representation, and the plane
relates to a layer in layer-by-layer object generation. In
examples 1n which the object generation data object com-
prises a print apparatus setting PAS, the control data may
comprise at least one print apparatus setting.

FI1G. 4 shows an example of processing apparatus 400 that
may be used to generate an object model. The processing
apparatus 400 1n this example executes istructions which
may be provided mm a computer readable medium. The
processing apparatus 400 comprises an interface 402, a
model generator 404, a memory 406, a data processor 408
and a preview module 410. The interface 402, model gen-
erator 404, data processor 408 and preview module 410 1n
this example are provided by executing instructions, which
in this case are held 1n the memory 406, which provides a
computer readable medium.

The 1instructions held in the memory 406 provide an
interface 402, which receives data 412 comprising a geo-
metric description 414 representing at least a portion of a
three dimensional object, and object generation data 416.

The geometric description 414 may define the shape and
extent of all or part of an object 1n a three dimensional
co-ordinate system, e.g. the solid portions of the object. In
one example, the geometric description 414 may comprise
voxels that are defined 1n a three dimensional (also referred
to heremn as [X, vy, Z]) space. A given voxel may have
associated data that indicates whether a portion of the object
1s present at that location. In other examples, the geometric
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description 414 specifies locations within an object, e.g. at
[X, v, Zz] co-ordinates. In some examples, the geometric
description 414 may describe the object as a polygon mesh.

The object generation data 416 comprises a plurality of
object generation data objects, for example having a form
similar to the first object generation data object 200 or the
second object generation data object 202 as shown in FIG.
2. Each object generation data object 1s associated with a
print apparatus and an object attribute description of an
attribute achievable by the print apparatus. Each object
generation data object may comprise an 1dentifier

The 1nstructions held 1n the memory 406 provide a model
generator 404 which generates an object model 418 repre-
senting the object. The object model 418 comprises an
association between the geometric description 414 and at
least one object generation data object, and may be stored 1n
the memory 406. The object model 418 may be sent via the
interface 402 for generation by a print apparatus. In some
examples, an 1dentifier, rather than the object generation data
object as a whole, 1s stored, such that economical use 1s
made of the storage space of the memory 406.

The instructions held 1 the memory 406 provide a
preview module 410, which generates a preview of an object
generated using control data produced using the object
generation data object(s). This preview may for example be
displayed to a user of the processing apparatus 400, for
example on a display screen thereof.

The interface 402 may, 1n some examples, accept a user
selection of an object generation data object and the model
generator 410 1s to generate an object model having an
association between the geometric description and the
selected object generation data object. The user selection
may be via any user mterface device, such as a text mput, a
touch screen, a mouse, or the like. The user may, for
example, be able to ‘tag’ a location or portion a geometric
model (which may for example be displayed on a screen)
with an association to an object generation data object.

In some examples, the interface 402 accepts a user
specification of an attribute (for example, a property such as
a color, a substructure, or a halftone scheme) and the
instructions held 1n the memory 406 provide a data proces-
sor 408, which i1dentifies an object generation data object
having an object attribute description which comprises the
specified attribute. If more than one object generation data
object 1s 1dentified, a user may select among these, or an
object generation data object may be selected automatically,
for example based on a predetermined hierarchy.

The data processor 408 in this example also identifies
incompatible object generation data objects (e.g. combina-
tions of attributes which are outside the capabilities of an
available print apparatus) prevents incompatible object gen-
eration data objects from being associated with the geomet-
ric description.

Examples in the present disclosure can be provided as
methods, systems or machine readable instructions, such as
any combination of software, hardware, firmware or the like.
Such machine readable instructions may be included on a
computer readable storage medium (including but not lim-
ited to disc storage, CD-ROM, optical storage, etc.) having
computer readable program codes therein or thereon.

The present disclosure 1s described with reference to tflow
charts and/or block diagrams of the method, devices and
systems according to examples of the present disclosure.
Although the flow diagrams described above show a specific
order of execution, the order of execution may differ from
that which 1s depicted. Blocks described 1n relation to one
flow chart may be combined with those of another flow
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chart. It shall be understood that each tflow and/or block 1n
the flow charts and/or block diagrams, as well as combina-
tions of the flows and/or diagrams 1n the flow charts and/or
block diagrams can be realized by machine readable 1nstruc-
tions.

The machine readable mstructions may, for example, be
executed by a general purpose computer, a special purpose
computer, an embedded processor or processors of other
programmable data processing devices to realize the func-
tions described in the description and diagrams. In particu-
lar, a processor or processing apparatus, such the processing
apparatus 400 may execute the machine readable instruc-
tions. Thus functional modules of the apparatus and devices
may be implemented by a processor executing machine
readable 1nstructions stored 1n a memory, or a processor
operating 1n accordance with mnstructions embedded 1n logic
circuitry. The term ‘processor’ 1s to be mterpreted broadly to
include a CPU, processing unit, ASIC, logic unit, or pro-
grammable gate array etc. The methods and functional
modules may all be performed by a single processor or
divided amongst several processors.

Such machine readable 1nstructions may also be stored 1n
a computer readable storage that can guide the computer or
other programmable data processing devices to operate 1n a
specific mode.

Such machine readable mstructions may also be loaded
onto a computer or other programmable data processing
devices, so that the computer or other programmable data
processing devices perform a series of operations to produce
computer-implemented processing, thus the instructions
executed on the computer or other programmable devices
provide a means for realizing functions specified by tlow(s)
in the tlow charts and/or block(s) 1n the block diagrams.

Further, the teachings herein may be implemented in the
form of a computer software product, the computer software
product being stored in a storage medium and comprising a
plurality of instructions for making a computer device
implement the methods recited in the examples of the
present disclosure.

While the method, apparatus and related aspects have
been described with reference to certain examples, various
modifications, changes, omissions, and substitutions can be
made without departing from the spirit of the present dis-
closure. It should be noted that the above-mentioned
examples 1illustrate rather than limit what 1s described
herein, and that those skilled in the art will be able to design
many alternative implementations without departing from
the scope of the appended claims. In particular, a feature or
block from one example may be combined with or substi-
tuted by a feature/block of another example

The word “comprising” does not exclude the presence of
elements other than those listed 1n a claim, “a” or “an” does
not exclude a plurality, and a single processor or other unit
may fulfil the functions of several units recited in the claims.

The features of any dependent claim may be combined
with the features of any of the independent claims or other
dependent claims.

The invention claimed 1s:

1. A method comprising:

receiving data comprising a geometric description of at
least a portion of a three dimensional object;

receiving object generation data, the object generation
data comprising a plurality of object generation data
objects, each object generation data object being asso-
cliated with a print apparatus and an 1dentifier and
comprising an object attribute description of an attri-

5

10

15

20

25

30

35

40

45

50

55

60

65

10

bute of the three dimensional object to be formed that
1s achievable by the associated print apparatus;
generating an object model, the object model comprising
an association between the geometric description and at
least one object generation data object identifier; and
using the object model to form the three dimensional
object with a print apparatus.
2. A method according to claim 1, 1n which the plurality
of object generation data objects are associated with a
specific class of print apparatus and generating an object
model comprises selecting a particular print apparatus.
3. A method according to claim 1, 1n which at least one of
the plurality of object generation data objects comprise
specification of a particular half-toning scheme that pro-
duces a different object attribute than another half-toning
scheme on the print apparatus.
4. A method according to claim 1, in which the object
generation data object further comprises specification of a
substructure to be formed while forming and within the
object.
5. A method according to claim 1, in which the object
generation data object further comprises specification of a
print material coverage representation.
6. A method comprising:
recerving an object model, the object model comprising a
geometric description of a three dimensional object and
at least one object generation data object 1dentifier;

using the identifier to identify an object generation data
object, the object generation data object being associ-
ated with a specific print apparatus or specific class of
print apparatuses and comprising an object attribute
description of an attribute of the three dimensional
object that 1s achievable by the print apparatus;

generating control data from the object generation data
object, the control data being for use by the print
apparatus 1n generating the three dimensional object;
and

using the control data to generate the three-dimensional

object with the print apparatus.

7. A method according to claim 6 1n which the object
attribute description comprises a halftone scheme and the
method comprises generating control data according to the
halftone scheme.

8. A method according to claim 6 1n which the object
attribute description comprises a print apparatus setting and
the method comprises generating control data comprising
the print apparatus setting.

9. A method according to claim 6 in which the object
attribute description comprises an object substructure and
the method comprises generating control data to generate an
object having the object substructure.

10. A non-transitory computer readable storage medium
encoded with instructions, executable by a processor com-
prising;:

instructions to provide an interface to receive:

a geometric description representing at least a portion
ol a three dimensional object, and

object generation data, the object generation data com-
prising a plurality of object generation data objects,
cach object generation data object comprising an
object 1dentifier, 1dentification of a class of print
apparatus, an object attribute description of an attri-
bute of the three dimensional object to be formed
that 1s achievable by a print apparatus in the class,
and a specified halftone scheme;

instructions to generate an object model representing the

object, the object model comprising an association
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between the geometric description and at least one
object generation data object; and

instructions to output the object model to a printing

apparatus 1n the class for fabrication of three dimen-
stonal object specified by the object model.

11. The non-transitory computer readable storage medium
according to claim 10 further comprising instructions to
generate a preview ol the object based on the object model,
the preview being generated according to at least one object
generation data object associated with the object model.

12. The non-transitory computer readable storage medium
according to claim 10 further comprising instructions to
send only a subset of the data 1n the object generation data
object, and not all the data of the object generation data
object, to a print apparatus for generation of the three
dimensional object by the print apparatus.

13. The non-transitory computer readable storage medium
according to claim 10 further comprising instructions to
accept a user selection of an object generation data object
and a model generator 1s to generate the object model using
the geometric description and the user-selected object gen-
eration data object.

14. The non-transitory computer readable storage medium
according to claim 10 further comprising instructions to
accept a user specification of an attribute, and mstructions to
identily an object generation data object having an object
attribute description which describes the specified attribute.

15. The non-transitory computer readable storage medium

according to claim 10 further comprising instructions to
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identily incompatible object generation data objects and to
prevent mcompatible object generation data objects from
being associated with the geometric description.

16. The non-transitory computer readable storage medium
according to claim 10 wherein each object generation data
object further comprises a specification of substructure of
the three dimensional object to be formed.

17. The non-transitory computer readable storage medium
according to claim 10 wherein each object generation data
object further comprises a print apparatus setting corre-
sponding to the three dimensional object to be formed.

18. The non-transitory computer readable storage medium
according to claim 17 wherein each object generation data
object further comprises a specification of substructure of
the three dimensional object to be formed.

19. The non-transitory computer readable storage medium
according to claim 10 wherein the object attribute descrip-
tion of an attribute of the three dimensional object to be
formed comprises a color value and an opacity value.

20. The non-transitory computer readable storage medium

according to claim 10 wherein the object attribute descrip-
tion of an attribute of the three dimensional object to be
formed comprises print material coverage representation,
including a material volume coverage vector, that specifies
print material coverage to be applied 1n forming the three-
dimensional object.
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